Background: The Emergency Departments (EDs) reorganization process in Denmark began in 2007 and includes creating a single entrance for all emergency patients, establishing triage, having a specialist in the front and introducing the use of electronic overview boards and electronic patient files. The aim of this study was to investigate the quality of acute care in a re-organized ED based on national indicator project data in a pre and post reorganizational setting. Methods: Quasi experimental design was used to examine the effect of the health care quality in relation to the reorganization of an ED. Patients admitted at Nykøbing Falster Hospital in 2008 or 2012 were included in the study and data reports from the national databases (RKKP) regarding stroke, COPD, heart failure, bleeding and perforated ulcer or hip fracture were analysed. Holbaek Hospital works as a control hospital. Chi-square test was used for analysing significant differences from pre-and post intervention and Z-test to compare the experimental groups to the control group (HOL). P < 0.05 was considered statistically significant. Results: We assessed 4584 patient cases from RKKP. A significant positive change was seen in all of the additional eight indicators related to stroke at NFS (P < 0.001); however, COPD indicators were unchanged in both hospitals. In NFS two of eight heart failure indicators were significantly improved after the reorganization (p < 0.01). In patients admitted with a bleeding ulcer 2 of 5 indicators were significantly improved after the reorganization in NFS and HOL (p < 0.01). Both compared hospitals showed significant improvements in the two indicators concerning hip fracture (p < 0.001). Significant reductions in the 30 day-mortality in patients admitted with stroke were seen when the pre-and the post-intervention data were compared for both NFS and HOL (p = 0.024). Conclusions: During the organisation of the new EDs, several of the indicators improved and the overall 30 days mortality decreased in the five diseases. The development of a common set of indicators for monitoring acute treatment at EDs in Denmark is recommended.
Background
In Denmark the choice was made to reorganise the acute care by the establishment of Emergency Departments with observation units. The aim of the new EDs was to improve the quality of the diagnostic process and allow for an earlier diagnosis and treatment of all types of acute patients based on international experience [1] . Emergency Medicine (EM) as a discipline has existed for more than 40 years in the USA and has served as a model for international experience in this field as well as the interventions in this study [2] .
The international experiences have shown that the quality of treatment in EDs can be improved by using triage [3] [4] [5] [6] , optimising the flow of patients into and out of the ED [3, [7] [8] [9] , optimising teamwork [4] and by the introduction of a fast-track diagnostic workup for patients with less severe symptoms [9] .
A strong tradition of monitoring the health care services and quality of health care exits in Denmark; however, there are currently no general accepted national quality indicators for the acute treatment of patients [10] . Although a few clinical databases related to Emergency Medicine were under development in 2013 [11, 12] the usual quality measurements of choice have been to monitor different time intervals, e.g. door to treatment, which are easy accessible data for administrative use. These intervals, however, does not differentiate properly between the different acute care needs of patients.
The aim of this study is to investigate the impact of reorganization of the acute care in a new Emergency Department with observation units on the quality of health care, including mortality rate, as monitored by five selective acute conditions; stroke, acute gastrointestinal bleeding and perforation, heart failure, COPD, COPD with pneumonia and hip fractures.
Methods

Study design and setting
A quasi experimental design was used, including both pre-(baseline) and post-intervention data. The uniform package of interventions constituted several elements, including the following: an enhanced focus on improved admission, early stabilisation and treatment of patients through the implementation of a triage system, earlier bedside assessment of patients by nurses, an increased availability of senior doctors, improved competence of the entire staff and the implementation of electronic white boards and patient files to increase the focus on patient safety. Furthermore, a specific protocol for stroke patients served as a tool for optimising the treatment of patients and was used in the Hospital of Nykøbing Falster (NFS) as an applicable model for the treatment of acute diseases in general. The organizational changes are described in Figure 1 .
Baseline data (pre-intervention) were collected from the NIP data register in the period January 2008 -December 2008 and included patients who were admitted to the ED at NFS. Post-intervention data were collected from the Region's Clinical Quality Development Programme (RKKP) [10] from January 2012 -December 2012 and comprised patients who were admitted to the ED at the same hospital. The control group consisted of comparable patients (as defined in the national inclusion criteria) from another community hospital in Region Zealand, the ED at the Hospital of Holbaek (HOL). By using HOL as a control hospital, it provides us with the opportunity to compare the changes in the indicators, as HOL underwent the same reorganization process in the ED although organizational differences existed between the two hospitals.
NFS has an uptake area with 140.000 citizens. The activity level within the ED changed from 2008 to 2012. A reduction of 3.476 patients with small injuries was observed during this time period (24.249 in 2008; 20.773 in 2012) , whereas the total number of patients admitted to the ED increased by 3.427 (12. 
Population and measurements
To measure the quality of healthcare, designated by a national board of specialists within each disease area selected a series of measures (indicators). The indicators have been selected as they are considered particularly important in the assessment of whether the quality of care is at the desired level [10] . Specific indicators for each disease were selected based on evidence of their relevance for the acute admission of patients and their potential benefits early in the patients' pathway through the acute care process. The indicators measures either entire processes or specific outcomes. The processes represent data of examinations, treatment by physicians, treatment by other health professionals, screenings and outcome indicators represent data regarding readmissions and mortality. The RKKP (former NIP database) has expanded its scope through the years, limiting the indicators to those present in both 2008 and 2012. Because of the very few hospitalized patients with heart failure at HOL, the management of department decided to stop reporting to RKKP in 2011 and resulting in missing data in the results.
The study population consisted of acutely ill patients who sought medical attention in the ED and who met the criteria as reported to the Region's Clinical Quality Development databases for the following diagnoses: stroke, COPD, heart failure, hip fracture and acute gastrointestinal bleeding and perforation [13] [14] [15] [16] [17] . All are among the 20 most common illnesses seen in an emergency care setting.
We used these data as a benchmark for critical indicators and as a quality standard in the reorganization of the EDs with pre and post analyses. As the indicators are a national requirement, data sets could be measured against comparable hospitals as well as data on a national level.
This study utilizes indicators used in all Danish hospitals over the last seven years and are all validated by the RKKP based on a clinical assessment of three main issues; does the indicator measure the clinical pathway of interest; is the indicator able to identify known variations in the quality of different health care departments considering the patient population as well and are golden standards available [10] .
Data analysis
Frequency distributions were constructed for the datasets and interpreted using frequencies and percentages. To test for significant differences, the results were analysed using the chi-squared test. A twoproportion z-test was used to compare the experimental groups to the control group (HOL). Categories with fewer than 5 responses were folded with an adjacent category. In all analyses p < 0.05 was considered statistically significant. Data were analyzed using STATA version 11 software.
Ethical considerations
Upon application to RKKP we got access to the relevant databases and permission to use data in the study. Patient anonymity was protected throughout the research process. This study was approved by the hospitals of NFS and HOL as well as the Hospitals Ethics Committee and the Helsinki Declaration was complied with. The 
Results
We assessed 4584 patient cases from RKKP. In 2008 (pre-intervention) 1914 patient cases were included and in 2012 (post-intervention) 2670 patient cases. The mean age and gender of the participants in the pre-and post-intervention groups did not differ significantly in NFS. Fewer women with hip fractures were admitted in 2012 in HOL. Between hospitals, significant gender differences is seen for COPD in 2012 and hip-fracture both pre-and post intervention ( Table 1) . Changes of indicators of each of the six diagnoses from pre-to post intervention are described in the following.
Stroke
A significant positive change in all of the additional eight indicators related to stroke at NFS was seen in patients admitted with a tentative diagnosis of stroke, Table 2 . At HOL 5 of 8 stroke indicators showed a positive significant change while one indicator decreased significantly; "Assessed by a physiotherapist" (pre: 94.53% vs. post: 89.73%, p = 0.002) ( Table 2) .
Despite the general improvement three indicators at NFS were in post intervention data analyses still below national standard; Assessment of need for occupational therapy, nutrition screening and ultrasound/CT-/MR angiography of the neck vessels, Table 2 .
COPD
COPD indicators were unchanged comparing the pre-and post-intervention data from NFS and HOL. Although not significant, there was a decreased tendency of readmission of patients with COPD treated at NFS (25.00% vs. 18.60%, p = 0.21) making the post intervention data similar to HOL, which showed increasing readmission tendencies in the same period (14.29% vs. 18.49%, p = 0.29) ( Table 3) .
Heart failure
In NFS two of eight heart failure indicators were significantly improved after the reorganization: "echocardiography" (88.97% vs. 97.55%, p = 0.001) and "exercise by physiotherapist" (11.32% vs. 41.42%, p < 0.0001) while data demonstrate a significant decrease in to 2 out of 8 indicators; "NYHA classification" (96.32% vs. 90.69%, p = 0.05) and "initiated a structured training program" (92.59% vs. 84.62%, p = 0.05). Comparison to HOL is not possible because of missing data from HOL in 2012 (Table 4) .
Bleeding and perforated ulcer
In patients admitted with a bleeding ulcer 2 of 5 indicators were significantly improved after the reorganization in NFS; "endoscopy within 24 hours" (60.00% vs. 84.16%, p = 0.005) and "endoscopy treatment of rebleeding" (40.00% vs. 100.00%, p = 0.018). In HOL, 2 of 5 indicators also improved significantly (both: p < 0.05) ( Table 5) .
No significant improvements were seen in patients admitted with a perforated ulcer in NFS, consistent with results from HOL, although the indicator measuring "daily weight control" improved in HOL (33.33% vs. 100.00%, p = 0.007). Generally the numbers of patients in this section are low (Table 6 ). 
Hip fracture
Both comparing hospitals showed significant improvements in the two indicators concerning hip fracture, comparing pre-and post-intervention measures (all: p < 0.006); except for the decreasing rehabilitation indicator in NFS in the same period (95.75% vs. 82.27%, p < 0.0001) ( Table 7) .
Mortality
Significant reductions in the 30 day-mortality in patients admitted with stroke were seen when the pre-and the post-intervention data were compared for both NFS (12.29% vs. 5.66%, p = 0.012) and HOL (11.81% vs. 8.04%, p = 0.024). A significant reduction in 1 year mortality was also observed at NFS in patients with heart failure (44.71% vs. 15.10%, p < 0.0001). Despite small numbers of patients in that section, mortality due to bleeding ulcers was significant lower in NFS before the reorganization than after compared to HOL that showed significantly decreased mortality in the same period (Table 8) .
After the establishment of the new ED in NFS 63% of indicators meet national standard compared to 30% before and in HOL 55% of the indicators meet national standards compared to 60% before. 
Discussion
This study aimed to investigate whether reorganization of EDs, with observation units and several interventions improve clinical quality of five specific diseases, evaluated with measures defined by Danish health care authorities [1] . The results indicate an overall improved clinical quality and a reduced mortality of patients with stroke, heart failure, bleeding ulcer and hip fracture after the establishment of the ED with observation units compared to baseline. Overall, data shows a significant positive change in 53% of all the indicators in patients admitted in NFS and 46% of all the indicators in HOL. We argue that it could reflect patient safety issues and flow indicators in five common diseases seen in the ED. Internationally, other studies have demonstrated that the reorganization, in relation to the establishment of EDs, optimize patient safety as well as the flow of patients into and out of the ED [2, 6, 7, 18, 19] . Mortality decreased significantly in patients admitted with stroke in both hospitals and in patients admitted with heart failure in NFS. The mortality data are credible because they are crosschecked with mortality data from The Danish National Patient Registry (LPR). Other interventional studies show similar results on various types of indicators, e.g. mortality, readmissions and waiting time. Generally a consensus of indicators seems to be missing in literature. Our results supports international literature indicating that these improvements might originate from the implementation of the new concept for diagnosing and treating acute patients [3, 9, 20] .
Several studies have shown that EDs with observation units and senior physicians in front might improve decision-making and workflow and demonstrates a more efficient use of hospital space. Patients are discharged earlier using fewer bed days and with readmission rates less than or equal to the first-time admission rates [10, [21] [22] [23] , indicating that the earlier discharge is not selling out on patient condition. Our results indicate a general decreased mortality in five of the disease groups in NFS; however, it includes a COPD group with unchanged or higher mortality in post data analyses, even though readmission rates shows consistent decrease in the same period. This could possibly be explained in the structure of the patient intake in the NFS ED. In the pre reorganization setup, very ill COPD patients with acute respiratory failure were directly admitted to the intensive care unit or directly in the COPD department and therefore not accounted for in the analyses. In the post reorganization setup, all patients, including the ones with respiratory failure, are seen in the ED, resulting in increasing mortality.
The nationally defined protocol for handling of patients with stroke has been used in the ED in NFS with a specific aim to implement standardized routines and increase competencies among staff in other care areas [24] . The use of the stroke protocol is seen in most other hospitals in Region Zealand. NFS faced a special challenge in 2009 since the results were significantly below the national standard as measured by the indicators for hip fracture. The results improved with the reorganization and they are similar in HOL as well as other hospitals nationwide [10] . The improvements, however, should not be attributed to the reorganization alone, as the general treatment has changed nationally over years including improved treatment protocols in some diseases and easier access to advanced treatment, e.g. fibrinolysis in stroke patients.
The two compared hospitals had important differences in their organization of the EDs. HOL already had its own group of senior and junior physicians in February 2009, whereas NFS was highly dependent on doctors from other departments to work in the ED; however, the observational beds were already established in 2009 in NFS compared to 2011 in HOL. Thus, the two hospitals faced different challenges in the reorganization period, emphasising the choice of the final comparison year as 2012. NFS and HOL compared to the national mean and the national standard: 2008 and 2012. *Significant differences between hospitals compared in years (two proportions z-test). **NIV:" non-invasive ventilation". #Data stems from re-auditation.
To our knowledge this is the first study to investigate the quality of acute care in a representative group of acute conditions before and after in a reorganized ED over a longer period of time. Earlier studies in Denmark have focused on groups of specific diagnoses [25] . These studies are, however, done without consistency throughout studies and in various ways [26] . In the absence of a standard definition of quality, measuring clinical quality in an ED is complex and difficult and fosters the question of which indicators are the most representative of a specific clinical setting [26, 27] .
It might be argued that using these indicators as a surrogate marker of clinical quality is inadequate; however, the indicators are the measuring tool of national choice, making it necessary to relate to. As great differences in accessibilities to different paraclinical tests as well as various medical specialists exists between hospitals, it is important to compare similar hospitals. Great concerns have been raised from the peripheral hospitals that the national indicators reflect standard care in a university hospital setting, but not in a peripheral hospital. This emphasise the importance of the positive post reorganizational results achieved in NFS as a peripheral hospital.
Whether the improvements observed were due to the establishment of the ED or as a result of a general improved quality in treatment is questionable. However, it is likely that an increased focus on early intervention in the ED might have encouraged these results. Therefore, the study indicates that during the period of the establishment of an ED, it was possible to improve the clinical quality in selected services that reflect early diagnosis and treatment. The development of a common set of indicators for monitoring acute treatment at EDs in Denmark is recommended as the indicators available are not specific in terms of acute care and only covers a part of the spectrum needed. We call for a set of validated indicators reflecting the acute changes in patients within 24-48 hours of admission in an ED.
Limitations
The use of the validated indicators increased the reproducibility; yet, it cannot be excluded that there may be a risk of information bias because of missing or incomplete data records because of the various physicians reporting data. In general, the data completeness in the databases is high both at the departmental and the national level, only with some insignificant differences [10] . The patient records are comprehensive at the national, regional and departmental levels, but they vary according to the different disease groups. Some issues concerning internal validity are acknowledged by the authors, as the patients' records were reported by different specialist physicians.
We noted a considerable difference in morbidity and mortality among the disease groups, which is why we chose indicators within the three primary specialties of the hospital: medicine, orthopaedic surgery and general surgery.
HOL is a comparable hospital with the establishment of an ED in April 2009 and with approximately the same activity.
